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leak is a serious postoperative complication after Roux-en-Y gastric bypass that contributes to significant morbidity and mortality. The prevalence of GI tract leak after gastric bypass has been reported to be as high as 5.6% and has been shown to be an independent predictor of perioperative death. [1] [2] [3] [4] [5] [6] [7] [8] In patients with postoperative GI tract leak, the overall leak-associated mortality can be as high as 17%. 4, 9 High morbidity and mortality associated with GI tract leak are related to the difficulty in the diagnosis and treatment of this condition. Diagnosis of GI tract leak often requires a high index of suspicion, as early recognition and treatment are crucial.
Knowledge of factors associated with the higher risk of GI tract leak is important to aid surgeons in counseling patients, selecting surgical approaches, and developing high clinical suspicion for detection of leak in this high-risk patient population. One study 3 to date has specifically examined preoperative factors predictive of GI tract leak. Because the prevalence of GI tract leak after gastric bypass can be low, analysis of factors that may predict leak requires a large series of patients, which frequently is unavailable from most single institutions. In this study, we used the Nationwide Inpatient Sample (NIS) database (http://www.hcup-us.ahrq .gov/nisoverview.jsp) to evaluate the prevalence of GI tract leak among patients undergoing bariatric surgery between January 1, 2006, and December 31, 2008, and to identify factors that may be predictive of GI tract leak following gastric bypass.
METHODS
DATABASE
The NIS is the largest inpatient care US database, in which approximately 1000 hospitals participate, and contains information from almost 8 million hospital stays each year across the coun-try. It is composed of a nationally representative sample of approximately 20% of US community hospitals, resulting in a sampling frame that comprises about 90% of all hospital discharges in the United States. Data elements within the NIS are drawn from hospital discharge abstracts, which allow determination of all procedures performed during a given hospital admission. The NIS also contains discharge information on inpatient hospitalizations, including patient characteristics, length of hospital stay, specific postoperative morbidity, and observed in-hospital mortality. The NIS database has no information available on complications occurring after discharge. Approval for the use of NIS patientlevel data in this study was obtained from the Institutional Review Board of the University of California Irvine Medical Center and from the NIS. 
DATA ANALYSIS
STATISTICAL ANALYSIS
All the values for continuous variables are expressed as the mean (SD). Multiple logistic regression analyses were performed, and the adjusted odds ratio (aOR) (95% confidence interval) was calculated to determine the combined effect of various preoperative factors on outcomes. Female sex, age 50 years or younger, white race/ethnicity, laparoscopic operative technique, and private payer were used as references. All statistical analyses for the NIS data were performed using commercially available software (SAS, version 9.2; SAS Institute, Cary, North Carolina), incorporating recommended discharge and hospital weights. Discharge weight was used to create national estimates based on sampling of the data. Statistical significance was set at PϽ.05 and an OR (95% confidence interval) that excluded 1.
RESULTS
A total of 226 452 patients underwent laparoscopic (81.2%) or open (18.8%) gastric bypass during the 3-year period. Most patients were female (80.5%) and of white race/ ethnicity (73.6%) ( Table 1 ). The mean age of patients was 43.6 years; 30.0% of patients were older than 50 years. The most prevalent comorbidities were hypertension (54.7%), diabetes mellitus (30.4%), and hyperlipidemia (20.3%). Private insurance was the most common payer type (73.7%).
The overall prevalence of in-hospital GI tract leak was 0.7%. The GI tract leak rate was significantly lower in laparoscopic compared with open gastric bypass (0.3% vs 2.0%, P Ͻ.01). Compared with patients who did not have GI tract leak, patients who had GI tract leak experienced a significantly longer mean length of hospital stay (21.5 vs 2.6 days), higher mean hospital charges ($192 218 vs $39 706), and greater in-hospital mortality (6.8% vs 0.1%) (PϽ .01 for all) ( Table 2) . Table 3 summarizes the multivariate logistic regression analyses for in-hospital GI tract leak. For patient characteristics, factors associated with higher risk of GI tract , and male sex (aOR, 1.50). Comorbidities that were independent factors associated with increased risk of GI tract leak were congestive heart failure (aOR, 3.04), chronic renal failure (aOR, 2.38), and chronic lung disease (aOR, 1.21). Open operative technique (aOR, 4.85) was associated with a higher rate of GI tract leak. There was no effect of race/ethnicity, diabetes, hypertension, liver disease, smoking, hyperlipidemia, peripheral vascular disease, or sleep apnea on the GI tract leak rate.
COMMENT
Using data from a large sample of patients who underwent gastric bypass surgery between January 1, 2006, and December 31, 2008, this study showed a low overall in-hospital GI tract leak rate of 0.7%. Our results demonstrated that GI tract leak is a significant risk factor for morbidity and mortality in gastric bypass, with a leakassociated mortality of 6.8%. Using multivariate logistic regression analyses, several factors were significantly associated with higher risk of GI tract leak in gastric bypass surgery, including open operative technique, age older than 50 years, Medicare payer, male sex, congestive heart failure, chronic renal failure, and chronic lung disease. Understanding these factors will aid surgeons in counseling patients, selecting the type of bariatric procedure, and developing a high clinical index of suspicion for detection of GI tract leak in these high-risk patients. Factors associated with GI tract leak after bariatric surgery can be multifactorial. These include systemic variables (age, nutrition, and metabolic disease), local factors (infection, ischemia, and edema), and technical conditions. 10 In our study, patient characteristics that were independently predictive of higher risk for GI tract leak were age older than 50 years, Medicare payer, and male sex. Using logistic regression analysis of 3073 open and laparoscopic gastric bypass cases, Fernandez et al 3 similarly found that age older than 55 years and male sex were predictors of higher risk for GI tract leak. Studies [10] [11] [12] have shown that older patients are more likely than younger patients to have surgical wound dehiscence and delayed healing. Our study showed that male patients had a 1.5 times greater likelihood of GI tract leak than female patients. Male patients often have android body habitus and increased intra-abdominal obesity, contributing to technical difficulty during the procedure that may lead to increased risk of GI tract leak. 13 Livingston et al 14 and Livingston and Ko 15 demonstrated that male sex was an independent risk factor for major complications in a multivariate analysis of 1067 patients who underwent gastric bypass. Medicare recipients undergoing bariatric surgery are high-risk patients and may incur greater morbidity and mortality. In our study, Medicare payer status was associated with higher risk of GI tract leak. Examining Medicare databases between 1997 and 2002, Flum et al 16 similarly reported that Medicare beneficiaries undergoing bariatric surgery are at risk of early death.
Among patient comorbidities, congestive heart failure (aOR, 3.04), chronic renal failure (aOR, 2.38), and chronic lung disease (aOR, 1.21) were predictive of increased risk for GI tract leak. To our knowledge, no prior study has examined these comorbidities as factors predictive of GI tract leak. Heart failure and renal failure can contribute to impaired wound healing and may be a cofactor for development of other conditions. In patients with chronic lung disease, hypoxemia is a contributing factor to impaired wound healing. Low oxygen tension has been shown to have a profound deleterious effect on all aspects of wound healing. [10] [11] [12] In our study, smoking, hypertension, diabetes mellitus, hyperlipidemia, liver disease, sleep apnea, and peripheral vascular disease were not independent risk factors for GI tract leak. Similar to our study, Livingston and Ko 15 found no effect of smoking, hypertension, diabetes mellitus, or sleep apnea on the risk of major complications following gastric bypass. Contrary to our findings, Fernandez et al 3 reported that diabetes mellitus was a significant risk factor for GI leak; however, their results were specifically related to laparoscopic gastric bypass.
In our study, a procedure-specific factor that was associated with increased in-hospital GI There are limitations to this study. The NIS database is compiledfromabstracteddischargedata,limitedtoin-hospital stayswithoutoutpatientfollow-upinformation.Forexample, GI tract leak that occurs after discharge would not be captured in this database. Therefore, our calculation of the GI tract leak rate probably underestimates the actual leak rate. Durak et al 18 reported that 6 of 17 GI tract leaks (35.3%) had onset symptoms later than 48 hours after surgery, and such late occurrences potentially would not be detected after discharge. Despite this limitation, underestimation of the leak rate in this study does not alter our findings because the primary objective of this study was to examine factors predictive of GI tract leak, not to determine the true prevalence of leak. The NIS database does not have information on body mass index, which could be a predictive factor for increased risk of GI tract leak. We were unable to distinguish gastric bypass performed as primary procedures vs revisional bariatric surgical procedures, most of which are performed as open operations and are associated with significantly higher risk of GI tract leak. 3 There are no ICD-9 codes for laparoscopic cases that require conversion to open surgery, and these cases were likely included in the open operative technique group. Finally, unavailable for analysis within the NIS database are other potential factors predictive of GI tract leak, such as individual surgeon experience, annual case volume, and specific details about the operative technique. Despite these limitations, our study is the largest to date that evaluates factors predictive of GI tract leak after gastric bypass.
At 0.7%, the rate of GI tract leak following gastric bypass surgery was low herein. However, GI tract leak is a major contributor to morbidity and mortality after gastric bypass. Independent risk factors for development of GI tract leak were open operative technique, age older than 50 years, Medicare payer, male sex, congestive heart failure, chronic renal failure, and chronic lung disease. Knowledge of these factors may aid surgeons in counseling patients, selecting an operative technique that may reduce GI tract leak, and developing high clinical suspicion for detection of leak in these high-risk patients. 
